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In this thesis, I propose a method and a system for augmenting eating activities and functions 
concerned with food utilizing electric taste. Humans have eaten and continue to eat throughout history. 
Eating has many roles and meanings for humans; therefore, we have developed eating activities and 
technology concerned with food. 
 
The area of computer and information science research has also focused on these areas; consequently, 
different studies have proposed methods for recording and sharing recipes, recording dinner logs, and 
making comfortable eating places. In addition, studies have also proposed methods for outputting 
sensory stimulation. 
 
I have proposed methods for augmenting eating activities and functions concerned with food. On this 
occasion, I focused on the functions and effects of food. Food has three main functions: sustenance; 
taste, sense, and preference; and biological regulation. The first function (sustenance) and the third 
function (biological regulation) have an effect on our body, and the second function (taste, sense, and 
preference) produces an effect when we eat and drink.  
 
In addition, the second function (taste, sense, and preference) affects our choice of the type of food we 
eat. Normally, human does not tend to consume the foods we want in excessive quantities, because our 
preference is based on physiological drives. However, humans’ preference is more complicated because 
our preference is affected by information and personal communication. Hence, preference and the 
effects of eating foods affect the balance between the three functions, which results in excessive or 
inadequate intake of sustenance. 
 
Naturally, we control this balance of taste and sustenance in the process of cooking. In contrast, 
researchers also propose the method of controlling only taste, sense, and preferences. For example, 
some researchers use cross-interaction of the senses to cause a pseudo-change of taste. In addition, 
taste-modifying substances might be used because this substance can only change our perception of 
taste. However, controlling our second function (taste, sense, and preference) by outputting the taste 
stimulus is considered difficult. Because outputting and removing a tastant is complicated, controlling 
the tastant arbitrarily and reversibly appears difficult. Hence, the method of adding a taste stimulus 
and being able to control it arbitrarily and reversibly has long been expected. 
 
In this thesis, I focused on the taste that is perceived when our tongue receives electricity. This taste is 
usually called “electric taste,” and many studies have revealed this function and taste qualities. An 
electrogustometer has been proposed and improved because the electric taste is used mainly in 
gustometry. Recently, some studies have used the electric taste to present taste qualities. 
 
I propose to control taste quality by adding the electric taste quality to the taste of foods. In other 
words, I propose to control the second function (taste, sense, and preference) using electric taste. First, 
I produce a prototype that can apply electric taste through eating activities, and I evaluate this 
prototype. In addition, I propose a method for controlling saltiness without adding salt, by controlling 
the taste of saltiness. In addition, I evaluate and discuss my findings that this system can control the 
balance between the three functions, and prevent an excessive intake of salt. 
 
In the first chapter, I introduce the roles and meanings of eating in humans, and the contribution of 
several technologies regarding eating and cooking. In addition, I discuss the function of food and the 
ingestion of food and beverages. I also discuss the factors that are affected by choosing food from the 
aspect of food function and suggest problems. Finally, I introduce existing proposal and their problems.  
Based on the acknowledgment, I introduce the purpose, implemention, and composition of my thesis. 
 
In the second chapter，I introduce fundamental knowledge and works related to my study. First, I 
introduce the structure of the organ used for taste: the tongue and the taste receptors, and describe 
how our taste receptors receive tastants. In addition, I discuss taste-modifying substances that 
influence our taste receptors and change our perceptions of taste. Next, I introduce studies that utilize 
information technologies for eating and cooking. After introducing the human experience of taste and 
delicacy, I introduce two areas of study: controlling taste using cross-modal interaction, and outputting 
and modifying systems utilizing 3D printers, laser cutters, and so on. Finally, I introduce the electric 
taste. After introducing the mechanism and the quality of electric taste, I trace the history of 
electrogustometry and the electrogustometer. In addition, I discuss the usage of the electric taste in 
recent studies by introducing methods for the information output system that uses the electric taste. 
 
In the third chapter, I introduce methods for applying the taste quality of electricity through our 
eating and drinking behavior. After discussing the integrans of our system, I describe prototypes based 
on these integrants. In this thesis, I categorize my prototypes into two types: a bipolar type in which 
two electrodes are attached to food, and a single-polar type in which one electrode is attached to food 
and a separate electrode is attached to a human. In addition, I measure the reaction time, and verify 
the taste qualities that can be perceived with anodal and cathodal stimulus. 
 
In the fourth chapter, I introduce a saltiness enhancer using a cathodal current based on the work of 
Hettinger et al. After introducing Hettinger et al.’s study, I describe a system that has an eating 
detection unit and an automatic applying and releasing unit. Furthermore, I introduce an evaluation 
method that measures the taste intensity of food when a saltiness enhancer is applied, in order to 
verify the effectiveness of our system. 
 
In the fifth chapter, I describe the conclusion to my study in two aspects: first is a prototype that I 
propose and with which I perform experiments; next is the augmentation of eating activities and foods 
through my proposed system, the saltiness enhancer. 
 
In the sixth chapter, I discuss the vision of my study. First, as the other use of my prototype, I describe 
a method for the sharing system or the electric taste, the usage of multi-users, and the augmentation 
of our sense of taste using several sensors and the electric taste. Next, and for long term use, I discuss 
improvements to my prototype. In this topic, I discuss three points: improvement of eating utensils, 
exterior package, and output stimulus. In the last part of my thesis, I describe the contribution and 














1. 1 はじめに     01 
1.2 本研究の目的と手段   03 
1.3 本論文の構成    05 
 
2. 関連研究 
2.1 味覚受容                            07 
   2.1.1 味覚器の構造と味の受容  07 
   2.1.2 味覚修飾物質   12 
2.2 情報科学技術の活用   13 
   2.2.1 嗜好とおいしさ   13 
2.2.2 他感覚への刺激出力  15 
2.2.3 食品の加工    19 
2.3 電気味覚     22 
   2.3.1 発現機序     22 
2.3.2 味質と特性    24 
2.3.3 電気味覚計    27 
2.3.4 脳情報処理    29 
2.3.5 情報提示    30 
2.4  安全性に対する配慮   32 
   2.4.1 人体への電気的刺激出力  32 
2.4.2 電気味覚計の電気的刺激 
提示機構    33 
2.4.3 本研究での配慮   34 
 
3. 電気味覚付加装置の試作と検証 
3.1 装置のデザイン    35 
3.2 試作装置の構造    36 
   3.2.1 両極型装置の構造   37 
   3.2.2 一極型装置の構造   40 
3.3 試作装置の検証    44 
   3.3.1 検証 1：味覚反応時間の比較 45 
   3.3.2 検証 1：手法    46 
   3.3.3 検証 1：結果    47 
3.3.4 検証 2：極性変化   48 
   3.3.5 検証 2：手法    48 
   3.3.6 検証 2：結果    50 
3.4 考察      51 
   3.4.1 検証 1：考察    51 
   3.4.2 検証 2：考察    52 
3.5 おわりに     53 
 4. 飲食行為における食品の機能の拡張 
4.1 本提案の対象    56 
4.2 背景      57 
   4.2.1 塩分の摂取と健康   57 
   4.2.2 減塩手法と代替技術  58 
   4.2.3 陰極刺激の味覚制御効果  60 
4.3 陰極刺激の付加と停止による             
   塩味味覚感度制御システム  62 
4.3.1 陰極刺激付加装置   65 
   4.3.2  飲食行為検知部   65 
   4.3.3  陰極刺激付加部   66 
4.4 塩味味覚感度制御システムの検証 67 
   4.4.1  検証 1：味覚感度の制御性  67        
         4.4.2 検証 1：手法    67 
   4.4.3 検証 1：結果    69 
4.4.4 検証 2：味質の変化   70 
   4.4.5 検証 2：手法    70 
   4.4.6 検証 2：結果      72 
4.5  考察      73 
   4.5.1 検証 1：考察    73 
   4.5.2 検証 2：考察    74 
4.6 おわりに     77 
 
5. 結論 
5.1 電気的刺激の付加手法において  80 
5.2 飲食行為と食品の機能の拡張において 81 
 
6. 展望 
6.1 試作装置の活用事例   83 
   6.1.1 電気味覚配信   83 
   6.1.2 複数人での飲食行為  84 
   6.1.3 味覚拡張    85 
6.2 長期的使用に向けた改善   87 
   6.2.1 食器としての改善   87 
   6.2.2 金属部の改善   90 
   6.2.3 出力電源部の改善   90 
6.3  各分野への貢献と展望   91 
   6.3.1  食品・味覚分野   91 
   6.3.2  電気味覚分野   92 
   6.3.3  情報科学分野   93 
   6.3.4  HCI 分野    94 
 謝辞       96 
 参考文献      98 







図2.1 人の口内と各種乳頭の形状      8 
図 2.2 味蕾の構造       9 
図 2.3 おいしさの構造      14 
図 2.4 電気味覚計 TR - 06     28 
図 2.5 人体通過電流と安全・危険域    33 
図 3.1 食料用両極型装置の概観と仕組み   38 
図 3.2 飲料用両極型装置の概観と仕組み   39 
図 3.3 食料用一極型装置の概観と仕組み   41 
図 3.4 食料用一極型装置の内部構造    42 
図 3.5 飲料用一極型装置の概観と仕組み   43 
図 3.6 被験者毎の味覚反応時間平均    47 
図 3.7       味覚反応時間の被験者間平均と各種呈味物質との比較 48 
図 3.8  リストバンド型電極と装着時の状態   49 
図 3.9 実験環境      50 
図 4.1 ゴールデンハムスターを用いた電気生理学計測 60 
図 4.2 提案システム利用時に想定される塩味の変化  63 
図 4.3 塩味味覚感度制御システム    64 
図 4.4  実験環境      72 
図 4.5 味質毎の付加前・付加中・停止後の味覚強度  73 
図 6.1 複数人使用法時の回路構成    85 














表3.1 被験者毎のグルーピング結果     50 
表 3.2 陽極刺激及び陰極刺激に対する自由回答   51 
表 4.1 試行回数に対する味覚感度制御成功回数   69  



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































は 430 ± 






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































6 名中 11 
と回答した
を本来よ
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































]   電子情
ィア研
http:/
]   電子情
ア研究
http:/
]   矢野俊
しい潮
1987
]     佐藤昌
]   森本俊
2012
]   冨田寛
社, 20
]   前掲書




]   Yosh
The n
18, N
]   Ingli
distri
No.1,
]   前掲書
考文献
報通信学
究会     
/www.ccm
報通信学
























          
.media.kyo
会 ヒュー





















      
to-u.ac.jp/C
マンコミュ










































































]   栗原堅
]   山本隆
ポジウ
]   Taka
huma
715-7
]   前掲書





]   Yosh
prote
Scien
]   伏木 
]   相澤清
記録と
pp.13
]   武川直
析と応
情報処






























































































































































]   料理
A Vol
]   坂井信
日本味
]   数野千
判別に
2006
]   冨田圭
クロス
pp.38




]   Paul
sense





























































































































 Itiro Siio. 
ng table to
 2009, pp. 










































]   Hiroo
Food
IEEE




]   増田真
影響，
Vol.1





]   山岡潤
TagC
NICO




]   Herv
(Arts
Colum







































































































































































]   Candy
http://
]   Brian
mater
pp.57
]   Choc 
 https




]   Teres
Manu
Scien
]   大和
No.4，




]   Oleks
demo














































































































































]   福地健
用いた
No.19
]   喜多唯
2012
http://
]   Dan M
Data a
(CHI’





]   David
Pugh,
chemi
]   Zoran
Chem
Berlin



























































































d by the mer




on of the tas

















e contact of 
m Mr. alexan
pavia, tothe 









































]   脇要.
誌 Vo
]   Zoran
on evo
pp.21
]   Arma
electr
Percep
]   Harry
Metal
Vol.30
]   龜井俊
岡山医
]   Bent 
Acta o
]   Georg
relatio
pp.11
]   Jürge
Qualit
Oto-R




























































































































































]   高橋祥
いて.
]   M Sc
Exper
]   Dean 
densit
]   山本隆
覚反応
pp.45
]   佐藤昌
]   Bent 
Acta o
]   H. Fe
Gesic
Archi
]   Fred H
of tast
No.2, 
]   Jack L
acous
Vol.80
]   Bull T
Otolo
]   冨田寛
喉科臨
































































































































































]   N Luc
Bollet
pp.10
]   J. A. S
new p
Otolar
]   三吉康
て電気
Vol.7
]   柳原
意義.
]   北奥恵
査の客
1994.
]   中村浩
値の信
咽喉科
]   虫本栄
田中久
歯科學




]   Mich
Hemi
stimu



































































































































































]  Jose V
Electr
03 Co








]   Hiroy
Feedb
No.2, 
]   竹谷是
]   冨田寛
]   中森玲
論文集




]   HapiF
http://




















































































































































]   厚生労
http://
]   Ken F
Assoc
]   厚生労
http://
]   Paul A
suppr
]   金正貴
される
No.5, 
]   Thom
curren
]   G. La
taste i
Food 





















ces as new 




















































































[1]   
[2]   
[3]   
[4]   
[5]   






































































































































[7]   
[8]   
[9]   
[10]   
[11]   
[12]   





























































































































[14]   
[15]   
[16]   
[17]   
[18]   
[19]   
[20]   
[21]   
[22]   












































































































































2.    
ーマンイ
 
Vines, 
Hiromi N
2014. Dem
 
 
 
 
akamura, 
o hour. in
本研究
Home Miy
teractions 
に関する
112 
ashita, Eun
Vol.21, Iss
発表 
jin Kim, a
ue.1, pp.10
 
 
nd Romy A
-13, 2014. 
chituv. 
